Thrombin is one of the most physiologically important platelet agonists (1-3). Moreover, thrombin is an essential component in the hemostatic, proliferative, and inflammatory responses to injury (4). The recent identification of the seven-transmembrane domain thrombin receptor (TR) revealed a proteolytic mechanism of activation (5). Thrombin binds to the hirudinlike domain of the seven-transmembrane domain TR via its anion binding exosite and then cleaves the receptor between R41-S42, thereby releasing a cleaved peptide and forming a new amino-terminal, the latter of which acts as a tethered ligand (5). The tethered ligand hypothesis has been confirmed by a number of experiments, including the use as receptor agonists of synthetic peptides that correspond to the amino acid sequence of the new amino terminal (5, 6). Although the platelet-activating effects of these synthetic peptides initially were considered to be identical to those of thrombin, recent work has suggested platelet activation by these synthetic peptides is less potent, and via a different signal transduction pathway, than platelet activation by thrombin (7-11). Therefore, an additional mechanism of action for thrombin's effects on platelets may be present, possibly via protease-activated receptor 3 (12) and͞or via glycoprotein (GP) Ib (13). The cleaved seven-transmembrane domain TR fragment PESKAT-NATLDPRSFLL (TR [29] [30] [31] [32] [33] [34] [35] [36] [37] [38] [39][40][41][42][43][44][45] ) is devoid of agonist activity for the wild-type seven-transmembrane domain TR expressed in Xenopus oocytes (5). However, the effect on platelet activation of the entire 41-aa peptide released from the seven-transmembrane domain TR has not yet been examined. In this study, we demonstrate that this cleaved peptide of the seventransmembrane domain TR (TR 1-41 ) is a strong platelet agonist.
Thrombin is one of the most physiologically important platelet agonists (1) (2) (3) . Moreover, thrombin is an essential component in the hemostatic, proliferative, and inflammatory responses to injury (4) . The recent identification of the seven-transmembrane domain thrombin receptor (TR) revealed a proteolytic mechanism of activation (5) . Thrombin binds to the hirudinlike domain of the seven-transmembrane domain TR via its anion binding exosite and then cleaves the receptor between R41-S42, thereby releasing a cleaved peptide and forming a new amino-terminal, the latter of which acts as a tethered ligand (5) . The tethered ligand hypothesis has been confirmed by a number of experiments, including the use as receptor agonists of synthetic peptides that correspond to the amino acid sequence of the new amino terminal (5, 6) . Although the platelet-activating effects of these synthetic peptides initially were considered to be identical to those of thrombin, recent work has suggested platelet activation by these synthetic peptides is less potent, and via a different signal transduction pathway, than platelet activation by thrombin (7) (8) (9) (10) (11) . Therefore, an additional mechanism of action for thrombin's effects on platelets may be present, possibly via protease-activated receptor 3 (12) and͞or via glycoprotein (GP) Ib (13) . The cleaved seven-transmembrane domain TR fragment PESKAT-NATLDPRSFLL (TR [29] [30] [31] [32] [33] [34] [35] [36] [37] [38] [39] [40] [41] [42] [43] [44] [45] ) is devoid of agonist activity for the wild-type seven-transmembrane domain TR expressed in Xenopus oocytes (5) . However, the effect on platelet activation of the entire 41-aa peptide released from the seven-transmembrane domain TR has not yet been examined. In this study, we demonstrate that this cleaved peptide of the seventransmembrane domain TR (TR ) is a strong platelet agonist.
at 4°C, and diluted as necessary into aqueous buffer immediately before addition to assay systems.
mAbs. S12 (Centocor) is directed against P-selectin (15). P-selectin, also referred to as CD62P, GMP-140, and PADGEM protein, is a component of the ␣ granule membrane of resting platelets that is expressed only on the platelet surface after platelet degranulation and secretion (15) . PAC1 (Cell Center, University of Pennsylvania, Philadelphia, PA) is directed against the fibrinogen binding site exposed by a conformational change in the GPIIb-IIIa complex of activated platelets (16) . F26 (provided by Harvey Gralnick, National Heart, Lung, and Blood Institute, Bethesda, MD) is directed against a conformational change in fibrinogen bound to the GPIIb-IIIa complex (17, 18) . Y2͞51 (Dako) is directed against GPIIIa (19) and was purchased conjugated to fluorescein isothiocyanate (FITC). Unlike Y2͞51, antibodies PAC1 and F26 do not bind to resting platelets (16) (17) (18) (19) . Y2͞51 does not interfere with PAC1 or F26 binding and therefore can be used in the same assays (data not shown). S12, PAC1, and F26 were biotinylated as previously described (20) . S12, F26, and Y2͞51 are IgG, whereas PAC1 is IgM.
Whole-Blood Flow Cytometry. The method has been previously described in detail (20) . There were no centrifugation, gel filtration, vortexing, or stirring steps that could artifactually activate platelets. The protocol was approved by the Committee for the Protection of Human Subjects in Research at the University of Massachusetts Medical Center. Peripheral blood was drawn form healthy volunteers who had not ingested aspirin or other antiplatelet drugs during the previous 10 days. As indicated, some samples were drawn from a now 8-year-old boy with Bernard-Soulier syndrome (21) or a now 14-year-old boy with Glanzmann's thrombasthenia (22) . The first 2 ml of drawn blood was discarded. Blood then was drawn into a sodium citrate Vacutainer (Becton Dickinson). Within 15 min of drawing, the blood was diluted 1:20 in modified HepesTyrode's buffer (137 mM NaCl͞2.8 mM KCl͞1 mM MgCl 2 ͞12 mM NaHCO 3 ͞0.4 mM Na 2 HPO 4 ͞0.35% BSA͞10 mM Hepes͞ 5.5 mM glucose), pH 7.4. The peptide glycine-L-prolyl-Larginyl-L-proline (GPRP, Calbiochem) at a concentration of 2.5 mM was added to the samples to prevent fibrin polymerization (20) . The samples were incubated for varying times at 22°C with various concentrations of either (i) the peptides TR , TR 1-41 s, TR 1-10 , TR [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] , TR [21] [22] [23] [24] [25] [26] [27] [28] [29] [30] , TR [31] [32] [33] [34] [35] [36] [37] [38] [39] [40] [41] , TR [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] , TR , or TR 42-55 [amino acid sequence SFLLRNPND-KYEPF, also known as TR activating peptide (TRAP) (Calbiochem)], TR [29] [30] [31] [32] [33] [34] [35] [36] [37] [38] [39] [40] [41] [42] [43] [44] [45] , TR 42-55 i, or TR 44 -55 ; (ii) purified human ␣-thrombin (provided by John W. Fenton II, New York Department of Health, Albany, NY); or (iii) control buffer. In some experiments 10 units͞ml of hirudin (Calbiochem), a specific thrombin inhibitor (23) , was added concomitantly with the addition of the synthetic peptides or thrombin. In other experiments, the chelating agents EDTA (2 mM) or EGTA (2 mM) were added 10 min before addition of the synthetic peptides or thrombin. In some experiments, various concentrations of TR were added to various concentrations of: a) TR 1-10 , b) TR [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] , c) TR [21] [22] [23] [24] [25] [26] [27] [28] [29] [30] , d) TR [31] [32] [33] [34] [35] [36] [37] [38] [39] [40] [41] , e) TR [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] , f) TR , g) TR 42-55 , h) TR [29] [30] [31] [32] [33] [34] [35] [36] [37] [38] [39] [40] [41] [42] [43] [44] [45] , i) TR 42-55 i, j) TR 44 -55 , k) TR 1-41 s for 10 min at 22°C. In other experiments, either 10 M prostaglandin (PG) I 2 (Sigma) or 10 M SNAC (an EDRF congener), known inhibitors of platelet activation (24, 25) , were added concomitantly with the addition of the synthetic peptides or thrombin. Rather than the diluted whole blood used in experiments with PGI 2 and other inhibitors (see below), experiments with SNAC were performed in platelet-rich plasma diluted 1:20 in modified Hepes-Tyrode's buffer, pH 7.4 as previously described (26) . In some experiments, the following agents were incubated at 22°C for 10 min before the addition of the synthetic peptides, thrombin, or combinations of the synthetic peptides: (i) 10 M staurosporine (Sigma), an inhibitor of protein kinase C; (ii) 100 nM or 1 M wortmannin (Sigma), an inhibitor of phosphatidyl inositol-3-kinase, also an inhibitor of myosin light chain kinase (27, 28) , or (iii) 100 M genestein (Sigma), an inhibitor of protein tyrosine kinases (29, 30) .
At various time points up to 300 sec after the addition of the agonists, all samples were fixed at 22°C for 20 min with 1% formaldehyde (final concentration). After fixation, samples were diluted 10-fold in modified Tyrode's buffer, pH 7.4. The samples then were incubated at 22°C for 20 min with a near saturating concentration of FITC-conjugated mAb Y2͞51 and a saturating concentration of biotinylated mAb S12 followed by an incubation at 22°C for 20 min with 30 g͞ml of phycoerythrin-streptavidin (Jackson ImmunoResearch). In assays using biotinylated mAbs PAC1 or F26 (rather than S12), the antibody incubation was performed before fixation, as previously described (31) .
As previously described (20) , samples were analyzed in an EPICS Profile flow cytometer (Coulter). The flow cytometer was equipped with a 500 mW argon laser (Cyonics, San Jose, CA) operated at 15 mW with an emission wavelength of 488 nm. The fluorescence of FITC and phycoerythrin were detected by using 525-nm and 575-nm band pass filters, respectively. After identification of platelets by gating on both Y2͞51-FITC positivity (i.e., GPIIIa positivity) and their characteristic light scatter, binding of the biotinylated mAb (S12, PAC1, or F26) was determined by analyzing 5,000 individual platelets for phycoerythrin fluorescence. Background binding, obtained from parallel samples run with FITC-Y2͞51 and purified biotinylated mouse IgG (IgM for PAC1 assays) (Boehringer Mannheim), was subtracted from each test sample.
Platelet Aggregometry. Platelet aggregometry was performed in a Chronolog 560ca aggregometer (Chrono-Log, Halvertown, PA). Washed platelets were prepared as previously described (32) . Blood was drawn by venepuncture into a Vacutainer, as described above. The citrated blood was centrifuged (150 ϫ g, 15 min, 22°C), and the supernatant (plateletrich plasma, PRP) was separated. After addition to the PRP of citrate albumin wash buffer (128 mM NaCl͞4.3 mM Na 2 H 2 PO 4 .H 2 O͞7.5 mM Na 2 HPO 4 ͞4.8 mM sodium citrate͞ 2.4 mM citric acid͞11 mM glucose͞0.35% BSA), pH 6.5 with 50 ng͞ml PGE 1 , washed platelets were prepared by centrifugation. The concentration of washed platelets was adjusted to 300,000͞l in modified Hepes-Tyrode's buffer, pH 7.4. Various concentrations of TR , TR 42-55 , TR [29] [30] [31] [32] [33] [34] [35] [36] [37] [38] [39] [40] [41] [42] [43] [44] [45] , TR 1-10 , TR 42-5 i, TR 44-55 , TR 1-41 s, or thrombin were added to a final volume of 500 l of washed platelets. Aggregation was recorded as an increase in light transmission.
RESULTS
TR 1-41 Activates Platelets. Exposure of diluted whole blood to TR 1-41 resulted in a concentration-dependent increase in the surface expression of various activation-dependent antigens, as determined by whole-blood flow cytometry (Fig. 1) . TR 1-41 resulted in increased platelet surface expression of P-selectin (reflecting ␣ granule secretion) (Fig. 1 A) . TR 1-41 also resulted in increased expression of the activated conformation of the GPIIb-IIIa complex, as reported by PAC1 binding (Fig. 1B) . The TR 1-41 -induced increase in the platelet surface binding of mAb F26 demonstrated that TR 1-41 resulted in fibrinogen binding to this activated GPIIb-IIIa complex (Fig. 1C) . The maximal TR 1-41 -induced binding of S12, PAC1, and F26 was significantly greater than with TR 42-55 and almost as great as with thrombin (Fig. 1) . To assess whether thrombin is required for TR 1-41 -induced platelet activation, platelets were activated with TR in the presence of saturating amounts (10 units͞ml) of hirudin, a specific thrombin inhibitor. Hirudin did not inhibit the ability of TR or TR 42-55 to activate platelets but, as expected, did inhibit thrombininduced platelet activation. The seven-transmembrane domain TR-related fragment TR [29] [30] [31] [32] [33] [34] [35] [36] [37] [38] [39] [40] [41] [42] [43] [44] [45] , and the control TR agonist peptides TR 42-55 i, and TR 44 -55 are devoid of activity in seventransmembrane domain TR expressing Xenopus oocytes (5 , did not result in platelet degranulation. To assess whether the entire 41-aa sequence of TR 1-41 is required for platelet activation, peptides were synthesized that correspond to the first, second, third, and fourth sets of 10 sequential amino acids and the first and second sets of 20 sequential amino acids of TR . None of these peptides (TR 1-10 , TR [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] , TR [21] [22] [23] [24] [25] [26] [27] [28] [29] [30] , TR [31] [32] [33] [34] [35] [36] [37] [38] [39] [40] [41] , TR [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] , or TR [21] [22] [23] [24] [25] [26] [27] [28] [29] [30] [31] [32] [33] [34] [35] [36] [37] [38] [39] [40] ) resulted in platelet activation as detected by wholeblood flow cytometry.
Platelet aggregation studies were performed with washed platelets in response to the addition of various concentrations of TR , TR 42-55 , TR 29 -45 , TR 1-10 , TR 1-41 s, TR 42-55 i, TR 44 -55 i, or thrombin ( Table 1 ). The maximum amplitude of the aggregation curve for TR was slightly less than that for TR 42-55 or thrombin. Moreover, the time-to-maximum aggregation for TR was greater than that of TR 42-55 or thrombin and the slope of the TR 1-41 aggregation curve were less than that of TR 42-55 and thrombin, demonstrating slower kinetics of TR 1-41 -induced platelet aggregation. TR 29 -45 , TR 42-55 i, TR 44 -55 , or TR 1-41 s did not result in platelet aggregation (Table 1) . TR did not induce platelet aggregation in platelet-rich plasma (data not shown).
Similar to the aggregometry studies with washed platelets, the increase in platelet surface expression of P-selectin detected by flow cytometry was more rapid in response to thrombin and TR 42-55 than to TR 1-41 (data not shown). After 1 min of agonist-induced platelet activation, 2 units͞ml of thrombin resulted in greater than 80% of maximal degranulation, 25 M of TR 42-55 resulted in greater than 60% of maximal platelet degranulation, but 25 M of TR 1-41 resulted in 7% platelet degranulation. Thrombin and TR 42-55 resulted in maximal platelet degranulation within 1.5 min, whereas TR 1-41 resulted in maximal platelet degranulation after 5 min.
TR 1-41 -induced platelet activation also was assessed in the presence of excess amounts of TR 1-10 , TR [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] [42] [43] [44] [45] [46] [47] [48] [49] [50] [51] [52] [53] [54] [55] augmented TR 1-41 -induced platelet activation in a concentration-dependent manner, thereby demonstrating that these two peptides act synergistically (Fig. 2) . TR 1-41 Requires Extracellular Calcium to Activate Platelets. The divalent cation chelator EDTA (2 mM) and the calcium chelator EGTA (2 mM) reduced 25 M TR 1-41 -induced platelet degranulation, as indicated by platelet surface Pselectin (Fig. 3) . Neither EDTA nor EGTA inhibited thrombin-(2 units͞ml) or TR 42-55 -(25 M) induced platelet degranulation (Fig. 3) . Because the platelet surface expression of P-selectin is not calcium-dependent (33) , these experiments demonstrate that TR 1-41 requires extracellular calcium to activate platelets.
FIG. 1. TR1-41-, TR42-55-, and thrombin-induced platelet activation. The indicated concentrations of TR1-41-, TR42-55-, and thrombin, or control buffer were incubated (22°C, 10 min) with diluted whole blood and then fixed. The platelet surface binding of the mAbs S12 (directed against P-selectin, A), PAC1 (directed against the activated GPIIb-IIIa complex, B) and F26 (directed against fibrinogen bound to the GPIIb-IIIa complex, C) were determined by whole-blood flow cytometry. Binding is expressed as a percent of the binding with maximal thrombin (2 units͞ml). Data are mean Ϯ SEM. n ϭ 6. (Fig. 3) . In normal platelets, inhibition of the binding of fibrinogen to GPIIb-IIIa by the addition of RGD (Arg-Gly-Asp)-containing peptides (34) also did not interfere with TR 1-41 -induced platelet activation (data not shown).
Intracellular Signaling Pathways Involved in TR 1-41 -Induced Platelet Activation. To explore the signal transduction mechanisms involved in TR 1-41 -induced platelet activation, we studied platelet activation by TR (and by TR 42-55 , concomitant TR and TR [42] [43] [44] [45] [46] [47] [48] [49] [50] [51] [52] [53] [54] [55] , and thrombin for comparison) in the presence of agents that modify the intracellular environment (Fig. 4) . PGI 2 , an agent that elevates intraplatelet cyclic AMP, almost completely inhibited 15 M TR 1-41 -, 15 M TR 42-55 -, 15 M concomitant TR 1-41 -, 15 M TR 42-55 -, and 0.1 units͞ml of thrombin-induced platelet degranulation (as detected by S12 binding) (Fig. 4) , and expression of activated GPIIb-IIIa (as detected by PAC1 and F26 binding, data not shown). The EDRF congener SNAC partially inhibited thrombin-and TR 42-55 -induced platelet activation, but had only minimal effect on TR 1-41 -and concomitant TR 1-41 -and TR 42-55 -induced platelet activation (Fig. 4) . The protein kinase C inhibitor staurosporine almost completely inhibited TR 1-41 -, TR 42-55 -, concomitant TR 1-41 -and TR 42-55 -, and thrombininduced S12 binding (Fig. 4) and PAC-1 binding (data not shown). At nanomolar concentrations, wortmannin selectively inhibits phosphatidyl inositol-3-kinase (PI 3 kinase) but at higher concentrations wortmannin also inhibits myosin light chain kinase (27, 28) . At a concentration of 100 nM or 1 M, wortmannin reduced platelet surface P-selectin expression in response to TR and TR 42-55 more than platelet surface P-selectin expression in response to concomitant TR 1-41 and TR 42-55 or thrombin (Fig. 4) . Inhibition of intracellular tyrosine kinase activity by the addition of genestein (29, 30) resulted in a decrease in TR 1-41 -, TR 42-55 -, concomitant TR 1-41 -and TR 42-55 -, and thrombin-induced platelet activation (Fig. 4) . Taken together, the data in Fig. 4 demonstrate that TR 1-41 -induced platelet activation may be modulated, at least in part, via cyclic AMP, protein kinase C, PI 3 kinase, myosin light chain kinase, and intracellular protein tyrosine kinases.
FIG. 2. TR1-41
and TR42-55 activate platelets synergistically. Diluted whole blood was incubated (22°C, 10 min) with TR1-41 and with TR42-55 at the indicated concentrations. The platelet surface binding of the P-selectin-specific mAb S12 was determined by flow cytometry. Binding is expressed as a percent of the binding with maximal thrombin (2 units͞ml). Data are mean Ϯ SEM. n ϭ 6. FIG. 3 . Effects of extracellular calcium and the GPIb-IX and GPIIb-IIIa complexes on TR1-41-induced platelet activation. Diluted whole blood from normal volunteers was incubated (22°C, 10 min) with TR1-41, TR42-55, concomitant TR1-41 and TR42-55, or thrombin at the indicated concentrations in the presence of buffer alone (control), 2 mM EDTA, or 2 mM EGTA. Also, diluted whole blood from a patient with either Bernard-Soulier syndrome or Glanzmann's thrombasthenia was incubated (22°C, 10 min) with TR1-41 or thrombin at the indicated concentrations. The platelet surface binding of the P-selectin-specific mAb S12 was determined by flow cytometry. Binding is expressed as a percent of the binding with maximal thrombin (2 units͞ml). Data are mean Ϯ SEM. n ϭ 6 except for data for Bernard-Soulier syndrome and Glanzmann's thrombasthenia, which are means of two experiments.
DISCUSSION
In this study we report that the peptide cleaved from the seven-transmembrane domain TR (TR ) is a strong platelet agonist. The function of TR is not completely known, but bound to the intact native seven-transmembrane domain TR, TR inhibits receptor activation by the tethered ligand (5) . Our data suggests that although TR 1-41 is still bound to the seven-transmembrane domain TR it is itself sequestered and unable to activate platelets. Once cleaved by thrombin from the intact receptor, TR 1-41 is more potent than TR 42-55 (TR-activating peptide) and is almost as potent as thrombin, as determined by the degree of increase in: (i) the platelet surface expression of P-selectin (reflecting ␣ granule secretion); (ii) exposure of the fibrinogen binding site on the GPIIb-IIIa complex; and (iii) fibrinogen binding to the activated GPIIbIIIa complex. TR 1-41 is a less potent aggregator of platelets than TR 42-55 or thrombin. As determined by experiments with inhibitors (PGI 2 , staurosporine, wortmannin, SNAC, EDTA, EGTA, and genestein), and with Bernard-Soulier or Glanzmann's platelets, we demonstrated that TR 1-41 -induced platelet activation is: (i) inhibited by cyclic AMP; (ii) mediated by protein kinase C, phosphatidyl inositol-3-kinase, myosin light chain kinase, and intracellular protein tyrosine kinases; (iii) dependent on extracellular calcium; and (iv) independent of the GPIb-IX and GPIIb-IIIa complexes. TR 1-41 -induced platelet activation was synergistic with TR [42] [43] [44] [45] [46] [47] [48] [49] [50] [51] [52] [53] [54] [55] .
As evidenced by the lack of TR 1-41 -induced platelet aggregation in platelet-rich plasma, there may be a plasma inhibitor. However, paradoxically, the small amount of plasma present in the diluted whole blood used in our flow cytometric experiments allowed maximal TR 1-41 -induced platelet activation. Thus, the effects of plasma on TR 1-41 -induced platelet activation remain to be fully characterized.
Coughlin's laboratory reported that the cleaved seventransmembrane domain TR fragment TR [29] [30] [31] [32] [33] [34] [35] [36] [37] [38] [39] [40] [41] [42] [43] [44] [45] was devoid of agonist activity for the wild-type seven-transmembrane domain TR expressed by direct expression cloning in Xenopus oocytes (5). In our study TR [29] [30] [31] [32] [33] [34] [35] [36] [37] [38] [39] [40] [41] [42] [43] [44] [45] did not activate platelets as determined by platelet surface expression of P-selectin and did not result in platelet aggregation. These findings are consistent with our data that platelet activation only occurs with the entire 41-aa cleaved peptide.
The cleaved peptide of the TR has been predicted to be less than 41 amino acids in length because of a hydrophobic sequence with potential peptidase cleavage sites located at amino acids T24 and A26 (5). However, it has been recently reported by Ramachandran et al. (35) that a mAb with an epitope that binds to the first half of TR binds to intact and TR 42-55 -activated platelets but not to receptors that have been cleaved and activated by thrombin. Furthermore, this mAb fails to bind to the receptor after cathepsin G cleavage, but does bind to platelets activated by agonists that are unrelated to thrombin (35) . Thus, while the precise amino acid length of the mature thrombin receptor on the platelet surface is unknown, available evidence (35) suggests that at least residues 19-41 are expressed on the platelet surface.
The physiologic significance of platelet activation by TR 1-41 is unclear. Assuming (i) 1,000-2,000 seven-transmembrane domain TRs on the resting platelet surface (36) , (ii) this number increases by 40% when platelets are activated because of the translocation of TRs from the surface connecting membrane system to the plasma membrane (37) , and (iii) all of the resultant available TRs are cleaved by thrombin, the concentration of TR 1-41 generated by cleavage of all available seven-transmembrane domain TRs would be, based on the present data, insufficient to activate platelets [(3 ϫ 10 11 platelets͞liter of blood) ϫ (2,100 molecules͞platelet) Ϭ (6.023 ϫ 10 23 molecules) ϭ 1.05 nM]. However, at sites of thrombus formation such as vessel injury the local concentration of TR 1-41 is likely to be such that TR 1-41 -induced platelet activation occurs. Furthermore, similar to its effects with TR 42-55 , TR 1-41 may act synergistically with other platelet agonists such as ADP, epinephrine, and thromboxane A 2 to enhance thrombus formation. Thus, TR 1-41 may augment platelet activation in a growing thrombus. Such a role for TR would be consistent with the slower kinetics of TR 1-41 -induced platelet activation compared with thrombinor TR 42-55 -induced platelet activation.
In summary, the cleaved peptide of the seven-transmembrane domain TR (TR ) is a strong platelet agonist. Further work will be required to define the role of TR 1-41 in platelet (38) . Because the presence of the seven-transmembrane domain TR in these tissues implies the local generation of TR , TR 1-41 may be involved in the pathophysiology of atherosclerosis and restenosis.
